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INTRODUCTION 


The contact metamorphic zone at Crestmore, California, where 
granodiorite and quartz monzonite have invaded limestone, has 
already yielded seven new mineral species, and in addition some 
fifty-three other previously known species. An examination of 
blocks of the material from the Wet Weather quarry, collected by 
the senior author during 1932, has revealed the presence of a new 
lime silicate-carbonate mineral, with distinctive optical and chemi- 
cal properties. For the new mineral the name tilleyite is proposed 
in honor of Professor C. E. Tilley of Cambridge University, 
England, in recognition of the contributions he has made to the 
study of metamorphism. 


ASSOCIATED MINERALS 


A summary of the minerals already recorded from Crestmore has 
been given in a paper by A. F. Rogers (1929). It will therefore 
suffice here to mention only those minerals which have been found 
in intimate association with the tilleyite. The rock in which the 
new mineral was discovered is a hard green material, the color 
being imparted by the presence of abundant merwinite. The grain 
size, though not fine, is such that individual grains cannot be dis- 
tinguished with the naked eye. Brown streaks of vesuvianite 
traverse the rock, and with these a light colored grossularite is as- 
sociated. Tilleyite appears to be most abundant in white patches, 
where it is associated with wollastonite. Spurrite is present in 
limited amounts, as well as a mineral which corresponds in all its 
optical properties with gehlenite, but shows “‘microcline” twinning 
in basal sections. This assemblage appears to represent the more 
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intensely metamorphosed part of the contact zone, and calcite is 
present in insignificant amount only. Veinlets of thaumasite tra- 
verse the rock, and there is also a white powdery alteration product 
coating the surface of the blocks, part of this is hydromagnesite. 

An examination of the collection of material from Crestmore in 
the Mineralogical Museum of Harvard University showed that 
tilleyite is present in a number of specimens. In these, the mineral 
assemblage is similar to that described above. On the other hand, 
tilleyite was not detected in specimens which contained large 
amounts of recrystallised calcite, as do those in which wilkeite, 
brucite and diopside are important constituents. 


OPTICAL PROPERTIES 


Tilleyite is biaxial, with refractive indices, determined by the 
immersion method, as follows: a=1.617, B=1.635, y=1.652; all 


Fic. 1. Optical orientation of tilleyite. 


+ .003. Inspection of the interference figures exhibited made it 
evident that the optic axial angle is large, approaching 90°. This 
was confirmed by means of the Fedorov stage. An optical sign can- 
not therefore be assigned with complete certainty, but the mineral 
is probably positive. If this is so, the dispersion of the optic axes, 
which is fairly conspicuous, is r<v (perceptible). The optical 
orientation was obtained by the use of the Fedorov stage. Within 
the limits of experimental error, the 8-index direction was found to 
lie in the plane of the perfect cleavage. The a- and y-directions are 
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both inclined to this plane. It is therefore suggested that the 
mineral is monoclinic; that the b-crystal axis be taken as parallel 
to the 6 index direction, and that the plane of the cleavage be as- 
sumed to be parallel to (100). The c-crystal axis then also lies in 
the cleavage plane, and the angle X /c is 18°. The accompanying 
diagram summarises the proposed orientation. 

Twinning has not been detected in tilleyite, but in addition to 
the perfect cleavage discussed above there is another ill defined 
cleavage which was detected in only one thin section. This makes an 
angle of about 42° with the perfect cleavage, and is inclined at 18° 
to the proposed b-crystal axis. 


PHYSICAL PROPERTIES 


In powder, tilleyite is white without lustre. There is one perfect 
cleavage, and in addition one ill-defined cleavage. The presence of 
the perfect cleavage causes abundant cleavage fragments to appear 
in the powder. Calculation of the specific gravity by Gladstone and 
Dale’s law gave as a result Gr.=2.90; while determination by 
means of the quartz pycnometer showed that the density is 2.838. 
The hardness has not been determined owing to lack of sufficiently 
large grains. 

CHEMICAL PROPERTIES 


A sample was separated for analysis from the original rock by 
means of heavy liquids, bromoform-methylene iodide mixtures 
being used. It became apparent in the process of separation that 
the amount of tilleyite in the rock was small, being of the order of 
0.5 to 1.0%. The impurities remaining in the analyzed powder were 
estimated as follows: wollastonite 2%, spurrite 1.5%. Prelimi- 
nary tests showed that the mineral effervesces vigorously with 
cold dilute hydrochloric acid, and gelatinizes. The results of an 
analysis are given below: 


SHO ae arcane easnceh eae array nee 24.09 
JNO enc Rs CRD ANS BOOS 0.61 
Fe,03 Re atal whe aralatal en reusuegennucse. svensh ete 0 12 
Me Oieeie eet Wee ei 0.43 
CaQienndien. mayen date cael feels Moths 
HO weer oa Ooms eee 1.09 
CO gare 1 Beg eee as 1582 


99.91 Analyst, F. A. GONYER 
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The analysis shows the mineral to be composed essentially of 
lime, silica and carbon dioxide. Correction for the estimated im- 
purities, and recalculation of the principal constituents to 100% 
gave the results in column I below: 


I II III IV 
Si0»2 24.00 0.399 Mie ll 0.376 
CaO 59.60 1.063 61.8 1.180 
CO2 16.40 0.372 16.1 0.376 


The molecular ratios (column II) suggest an empirical formula 
3CaO-SiOz:COz; the theoretical percentage weights are given 
in column III, and the molecular proportions of these in column 
IV. Examination of other possible formulae showed that only a 
very complex one would fit the analysis better than the one as- 
signed, and we have decided, pending the availability of purer 
material for analytical purposes, to present the formula in its 
simple form. 

Thin sections cut from the blocks in which the mineral was first 
found show that while it is homogeneous, some grains show bor- 
ders having a lower birefringence than the rest of the grain. The 
zoned texture does not appear to be due to alteration, but more 
probably represents variation in composition. It was not found 
possible to take any account of this effect, but it is suggested that 
the slight divergence of the analysis from the theoretical com- 


position proposed may perhaps be due in part to the presence of 
these borders. 


THE SCAWTITE-TILLEYITE-SPURRITE GROUP 


Three naturally occurring minerals in which carbon dioxide has 
combined with calcium silicate are known. These are spurrite, 
originally described by F. E. Wright (1908), scawtite, described 
by C. E. Tilley (1929B) and tilleyite. Tilleyite and spurrite may 
be expressed in structural formulae showing a molecule of calcium 
carbonate combining with one and two molecules of calcium- 
olivine, respectively. Scawtite is not capable of being expressed in 
a simple structural formula of this type. 

The table which follows summarizes some of the properties 
of the group. Those of larnite, the calcium-olivine first discovered 
in the Scawt Hill contact-zone by C. E. Tilley (1929A) have also 
been inserted for reference: 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 473 


SCAWTITE TILLEYITE SPURRITE LARNITE 
SiO» 34.2 24.1 26.9 31.0 
CaO 46.4 59.5 62.3 64.9 
CO, 18.0 16.4 9.7 0.0 
Formulae: 2CaCO;- CaCO;: CaCO;: Ca2SiOg 
Ca2Si30g Ca2SiO, 2Ca2SiO, 
a= 1.597 1.617 1.640 1.707 
= 1.606 1.635 1.674 1.715 
= TROZ ie iL OW 1.679 1.730 
Birefringence = 0.024 0.035 0.039 0.023 
Sp. Gr.= Ph Hi 2.838 3.014 


There is thus a gradation in properties within the group. In- 
creasing refractive index may be correlated with increasing lime 
percentage, and decreasing carbon dioxide. Similarly, the specific 
gravity increases with the decrease of carbon dioxide. 
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A NOTE ON THE TEXTURE OF THE CREST- 
MORE CONTACT ROCKS 


Kincstey C. Dunnam, Harvard University. 


The original purpose of the present note was to record the micro- 
scopic textural relations of the new mineral tilleyite, described in 
the preceding paper, with its associated minerals. The scanty at- 
tention which has been accorded to the textures of the Crestmore 
contact zone, in spite of its extensive literature, appeared to justify 
a somewhat more general treatment. 

A. S. Eakle (1917) has attributed the metamorphism to the in- 
fluences of three intrusives, a granodiorite, a quartz monzonite 
porphyry, and a series of pegmatite dikes. The earliest result of 
the invasion of the limestone may reasonably be supposed to have 
been the complete recrystallization of the rock. The grain of the 
resulting marble is coarse, and on Sky Blue Hill the grain size of 
the blue recrystallized calcite often exceeds 20 mm. In this rock 
there appear the minerals whose presence bears witness to the 
activity of solutions emanating from the cooling igneous rocks. As 
long as there remains any considerable amount of calcite, the new 
minerals appear as rounded or idiomorphic metacrysts. Gros- 
sularite, diopside, wollastonite, and vesuvianite are among the 
minerals which have developed good crystal outlines. The granu- 
lar texture here is the one usually found in metamorphosed lime- 
stones. 

GRAPHIC TEXTURES 


In more intensely altered material, however, in which almost 
all the calcite has been replaced, the rock no longer has a simple 
granular texture, but shows a series of intergrowths which con- 
sidered as geometrical patterns are identical with the micrographic 
texture familiarly seen in metals, metallic ores and igneous rocks. 
Such textures have not previously been described from lime- 
silicate rocks. In the Crestmore material, the following pairs of 
minerals have been observed in these relations: 

Wollastonite—tilleyite 
Wollastonite—gehlenite 


Wollastonite—vesuvianite 
Merwinite—grossularite 


The origin of the graphic texture has been a much debated sub- 
ject during the past decade, and it seems evident that no uni- 
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versally applicable mode of origin can be assigned to it. In the 
present case, an outstanding fact is that while one member is 
optically continuous over considerable areas, the other is generally 
not. Moreover, features such as twin-lamellae are sometimes 
clearly continuous in the dissected optically continuous indi- 
viduals (see Fig. 1). This suggests that the optically continuous 
member was once physically continuous, and support for this view 
is found in the existence of all stages from complete individuals to 
highly intricate intergrowths, the stages corresponding to increas- 
ing completeness of replacement. The particular pattern shown is 
due to replacement having been controlled by the cleavage direc- 
tions of the wollastonite and merwinite, these being the first- 


Fic. 1. Camera lucida drawings. 


A, Merwinite (showing fine twinning), partly replaced by grossularite. The mer- 
winite apparently remains from a single individual grain. 

B, Tilleyite (black) replacing wollastonite along cleavage directions. Sketch also 
shows twinned merwinite grains. 


formed minerals. Wollastonite with its three cleavages is especially 
well adapted to respond in this way to replacement. Confirmation 
of the suggested mode of origin of the micrographic textures is 
provided by the clear evidence that each of the second named 
minerals also attacks and replaces wollastonite and merwinite with- 
out producing intergrowths. Tilleyite appears to have been a later 
mineral than wollastonite, merwinite, spurrite and gehlenite, for 
it appears along the grain boundaries between these minerals. 
Grossularite is later than all these minerals and cuts across all 
impartially. 
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INCLUSIONS 


Less readily interpreted are the orientated inclusions of mer- 
winite which occur in wollastonite. These are generally parallel to 
the {001} cleavage, though some also appear parallel to the 
{100} cleavage. The former cleavage is apparently poorly de- 
veloped in spite of the great number of inclusions which follow its 
direction. The inclusions have a sharp rectangular form (Fig. 2A) 
and in view of their parallel orientation cannot be regarded as 
replacement residuals. The fact that their outline is clearly con- 
trolled not by the crystallography of the merwinite but by that of 
the wollastonite is an argument against an origin as metacrysts. 
The only remaining possibility is, therefore, that these represent 
simultaneous crystallization of merwinite and wollastonite; and 
to this possibility the general relationship of these minerals in the 
rock lends support. A. F. Rogers (1929) has described orientated 
inclusions of magnetite in periclase. 


Fic. 2. Camera lucida drawings. 


A, Inclusions of merwinite in wollastonite, orientated parallel to the {001} 
cleavage. 


B, Irregular remnants of wollastonite in vesuvianite. 


SEQUENCE 


While it is not possible, owing to the scattered nature of the 
minerals in the rock, to present a complete succession of minerals, 


the following sequence, based upon observed replacement rela- 
tions, may be of interest: 
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. Recrystallization of limestone 

. Wollastonite, merwinite, spurrite, monticellite 
. Gehlenite 

. Tilleyite 

. Garnet, vesuvianite 

. Thaumasite, in cross cutting veinlets 


Aun fF WH 


Several specimens also showed that diopside is replaced by garnet 
and vesuvianite. The sequence of minerals is held to reflect the se- 
quence of changes in composition of the solutions. The relatively 
late accession of alumina-rich minerals is noteworthy. 


REFERENCES 
Eakle, A. S., 1917. Minerals associated with the crystalline limestone at Crestmore, 
Riverside County, California: Univ. California Geol. Bull., x, pp. 327-360. 
Rogers, A. F., 1929. Periclase from Crestmore, with a list of minerals from this 
locality: Amer. Mineral., xiv, pp. 462-469. 


AN OCCURRENCE OF ISO-ORTHOCLASE 
IN VIRGINIA 


Tom. F. W. Bartu, Geophysical Laboratory, 
Carnegie Institution of Washington. 


The iso-orthoclase which will be described in the present note 
was found in a granitic gneiss in northern Virginia. This gneiss 
forms the highest crests of the Blue Ridge east of Luray, Va. 
Specimens were collected along a newly constructed highway run- 
ning through the southern part of an area topographically mapped 
as Sheet 4 of the Shenandoah National Park. The gneiss is a typical 
injection gneiss with parallel oriented crystalloblasts of potash 
feldspar in a fairly coarse-grained matrix of quartz, plagioclase, 
and biotite. 

The potash feldspar is always perthitic and may, according to 
common practice, be classified in part as orthoclase, and in part 
as microcline, the difference being that microcline shows an in- 
clined extinction, whereas orthoclase, being a monoclinic mineral, 
is supposed to show parallel extinction in the zone normal to (010). 
The indices of refraction of this potash feldspar seem to be fairly 
constant and are about: y=1.528, a=1.523. 

A closer inspection of the feldspars (with the Fedorov stage) 
brought out the interesting fact that the value of the optic axial 
angle varied conspicuously in various grains, and a total range 
from (—) 2V=10° to (+) 2V =86° was observed. Now it is well 
known that orthoclases with small axial angles occur (although as 
far as the present author knows they have not before been en- 
countered in highly metamorphic gneisses), but the existence of an 
optically positive orthoclase or an iso-orthoclase seems worthy of 
special notice. 

Only once before has an optically positive orthoclase been ob- 
served. It has been described by Duparc! and by him given the 
name, ‘‘iso-orthoclase.”” It is said to occur in granites and por- 
phyritic granites from Troitsk (Ural), but the description given is 
not very definite. Neither indices of refraction nor optical orienta- 
tion were measured by Duparc. He only stated that the orthoclase 
was optically positive with an axial angle that in all cases was rela- 
tively small and probably slightly variable. 


1 Duparc, L., Sur une nouvelle variété d’orthose. Compt. rend., 138, 714, 1904. 
478 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 479 


(Excerpt: “‘. . . il est en tout cas relativement petit et probable- 
ment légérement variable.’’) 

It should therefore be of some interest to record the optical 
constants of the Virginia iso-orthoclase. 

A stereographic projection normal to the c-axis of the iso-ortho- 
clase is given (Fig. 1). The direction y is normal to (010) or nearly 
so, the mineral is consequently an orthoclase rather than a micro- 
cline; a:a=0°; (+) 2V =86°; indices of refraction as given above. 
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Stereographic projection normal to the c-axis of the Virginia iso-orthoclase. 
The pole of (001) and the direction 6 coincide and are marked with a cross, X. 
O=a, A=y7, LJ=optic axes. 


According to these data the existence of an optically positive 
orthoclase must be accepted, and thus far the conclusions of 
Duparc are verified. But, whereas the Ural iso-orthoclase has a 
“relatively small’’ axial angle, the Virginia iso-orthoclase has a 
large axial angle. In view of the great susceptibility of variation 
in the optical angle of orthoclase it is in itself not so surprising 
that sometimes the angle may equal and even pass 90°, and thereby 
become positive, although the reason for this is just as little under- 
stood as the reason for the small, negative axial angles so frequently 
encountered in orthoclases associated with extrusive rocks. 


AMMONIOBORITE, A NEW MINERAL* 
WALDEMAR T. SCHALLER, U. S. Geological Survey. 


SUMMARY 


Ammonioborite, a new mineral, is a hydrous borate of ammonium, from Lar- 
derello, Italy. In chemical composition it is identical or very similar to the known 
borate, larderellite, but its optical properties are different. The exact formula of 
both minerals is uncertain; they seem to represent dimorphous forms of (NH4):0- 
5B.0;- 5H20. 

Optically both minerals are positive, 2V about 60°, with a high birefringence of 
0.07. The refractive indices of ammonioborite are: a=1.470, B=1.487, y=1.540; 
of larderellite, a=1.493, B=1.509, y=1.561; and of the artificial salt (NH4)20- 
5B.03: 8H20, a= 1.426, B=1.429, y=1.486. 


INTRODUCTION 

The specimen of ammonioborite first studied, was purchased 
by the U. S. National Museum, from Willy Hirsch, a mineral 
dealer in Germany, under the label ‘“‘bechilite.”’ The writer, in his 
studies of the natural borates, extending over many years, has 
never been able to find a specimen of true bechilite. 

On seeing the specimen in the National Museum, labeled bechil- 
ite, the writer made several qualitative tests to see if it really was 
bechilite, but as it dissolved readily in hot water, the mineral evi- 
dently was not a calcium borate. Further tests showed the ab- 
sence of calcium and the presence of only boric acid, ammonia, and 
water. Determination of the optical properties showed that it 
was different from larderellite and consequently a new ammonium 
borate, which is here named ammonioborite. The late Dr. G. P. 
Merrill was kind enough to permit the sacrifice of about half of the 
small specimen, which weighed only two grams, in order to de- 
termine its properties and composition. 

Ammonioborite is very similar in composition to larderellite 
but sufficiently different in properties to show their separate dis- 
tinctness. The interpretation of the analyses of ammonioborite 
presented considerable difficulty, as the new mineral was mixed 
with variable quantities of sassolite. As the available material was 
very limited in quantity, the analytical results obtained and here 
presented, are not as satisfactory as could be desired. Were it not 
for the difference in the refractive indices and the absence of the 
characteristic rhombic shape of the crystals of larderellite, the new 
mineral could not have been differentiated therefrom. 


* Published by permission of the Director, U. S. Geological Survey. 
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Chemical analyses indicate that the new mineral has the formula 
(NH,)20-5B203:5H20. This is also the formula now accepted 
for larderellite,’ the old formula (NH4). O-4B.03:4H.O, based on 
a single analysis, being discredited. 

In a more recent paper by d’Achiardi® the two new analyses of 
larderellite given support the formula (NH,)20-5B203:5H20. As 
however no quantitative optical data are given for any of the ma- 
terial analyzed by him it remains uncertain whether his material 
was larderellite or ammonioborite. The formula of larderellite 
must still be considered as somewhat uncertain. 

The values of the indices of refraction of the two minerals are 
sufficiently different to show that there are two ammonium borates 
occurring at Larderello, Italy. X-ray patterns confirm this con- 
clusion. If they have the same composition, they are dimorphous. 
All of the samples of both minerals, available for study, contain 
considerable sassolite. Larderellite apparently forms only very 
sharp straight-edged rhombic-shaped crystals; ammonioborite 
forms very fine-grained granular masses as well as crystals which 
rarely are bounded by straight lines, the edges usually being con- 
siderably rounded. 


DESCRIPTION OF AMMONIOBORITE 


The specimen first studied is a compact mass of white material, 
showing in the difference of luster, the presence of two minerals. 
The ammonioborite is granular, white, and lustrous, while the 
associated sassolite is duller, and more powdery. In general ap- 
pearance and color, luster, and hardness, the new mineral closely 
resembles larderellite and can not be told therefrom by visual in- 
spection. 

Much of the ammonioborite is an aggregate of irregularly 
bounded masses, compacted together and intergrown with sasso- 
lite. Individual crystals also occur whose edges are characteristi- 
cally somewhat rounded in striking contrast to the straight-edged 
rhombic-shaped crystals of larderellite. The outlines of some of the 
more typical crystals of ammonioborite are shown in Fig. 1, A. 


1 q’Achiardi, G., Boric acid and borates of the boron solfotaras in Tuscany: 
Annali d. Univ. Toscane, (Sci. nat.), Pisa, vol. 23, pp. 1-34, 1901, and Larderellite 
from the solfotaras of Tuscany: Rendi R. Acad. Lincei, Rome, vol. 9, fasc. 11, pp. 
342-345, 1900. Abstr. in Zeztsch. f. Krystall., vol. 35, pp. 519-521, 1902. 

2 d’Achiardi, Giovanni, Nuovi dati e ricerche sulla larderellite: Periodico di 
Mineralogia, vol. 1, No. 3, pp. 3-8, 1930. 
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These outlines are distinctly different from those shown by lar- 
derellite, the most typical of which are shown in B. A more com- 
plete presentation of the outlines of the various modifications of 
crystals of larderellite is given by d’Achiardi.* The different shapes 
illustrated by him are due to the development of the basal cleavage, 
as shown by Larsen.’ 

Much of the ammonioborite is very fine grained. Many of the 
grains are irregular in shape and are composed of a mosaic of 
minute individuals, heterogeneously aggregated, so that the grains 
show no extinction but retain the bright interference colors in all 


aa 
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Fig. 1. A, Outlines of individual crystals of ammonioborite; 
B, Outlines of crystals of larderellite. 


positions. A few of the mosaic-like grains approximate in outline 
to forms of larderellite, suggesting that if the two minerals have 
a different chemical composition, the ammonioborite is pseudo- 
morphous after larderellite. If the two minerals have the same com- 
position, and a paramorphic change has taken place, the direction 
of change is likewise that of ammonioborite after larderellite. 

The most perfect crystals of ammonioborite were observed on 


3 d’Achiardi, G., Boric acid and borates of the boron solfotaras in Tuscany: 
Annali d. Univ. Toscane, (Sci. nat.) Pisa, vol. 23, pp. 12-13, 1901. 

‘ Larsen, E. S., The microscopic determination of the nonopaque minerals: U. S. 
Geol. Survey, Bull. No. 679, p. 98, 1921. 
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one corner of a specimen in the U. S. National Museum (U. S. 
Nat. Mus. Catalog No. 93756), labelled larderellite. These crystals 
are similar in shape and size to those observed on the specimen of 
supposed ‘“‘bechilite’’ but in some of them the edges are much 
straighter though characteristically most of the edges are more or 
less rounded. 

The best measurements gave an average value of about 57° for 
the upper acute angle of the crystals. This is not far from the angle 
of 68° measured for crystals of larderellite by d’Achiardi. 

Another characteristic distinction between the two minerals is 
the absence in the better formed individual crystals of ammonio- 
borite of a well developed cleavage, normal to the plates, which in 
larderellite often truncates the acute corners of the rhombs, as 
shown in Fig. 1, B. The crystals of ammonioborite are platy, many 
of them grouped together in parallel position, and can be observed 
on edge imbedded in the sassolite. The crystals reach an observed 
maximum length of about 0.08 millimeter, averaging from 0.015 
to 0.03 millimeter, and are from a half to a third as wide. 

Ammonioborite is either monoclinic or triclinic. Several of the 
crystals suggest triclinic, others seem more monoclinic in their 
symmetry. 

The density of ammonioborite was not determined. 

It was readily observed that when the coarsely crushed mixture 
of ammonioborite and sassolite was treated with cold water, part 
of the mixture readily dissolved, leaving a sandy residue of much 
less ready solubility. The sassolite readily dissolves in cold water, 
leaving most of the ammonioborite behind in a sandy powder, the 
sassolite having acted as a cement for the whole specimen. 

Optical examination showed that the sandy residue of ammonio- 
borite was not changed to a different salt by the action of the cold 
water. A portion of it remained undissolved for a considerable 
time. Comparative tests showed that for material of about the same 
grain size (diameter of particles about 0.1 m.m.), 0.2 gram of 
artificial sassolite (boric acid) dissolved completely in 75 cc. cold 
water in about 15 minutes and in less time if constantly stirred, 
whereas ammonioborite did not completely dissolve, under the 
same conditions in less than 2 hours, even if stirred. Advantage was 
taken of this difference in solubility to prepare a small sample of 
ammonioborite free from sassolite for analysis and for X-ray study. 
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OPTICAL PROPERTIES 


The better developed crystals of ammonioborite show a small 
inclined extinction against their elongation. Measurements ranged 
from 7 to 13°, mostly closer to the lower figure. The direction of 
elongation corresponds closely to Z, the crystals becoming almost 
invisible in an immersion liquid of index 1.54. The mineral is posi- 
tive and the obtuse bisectrix X, emerges from the large flat face of 
the crystals, which, if ammonioborite is monoclinic, would be the 
clinopinacoid b{010} with the axial plane normal thereto. The 
axial angle 2V is medium, about 60°+, dispersion, r<v. 

The refractive indices of ammonioborite determined in the 
sample with admixed sassolite are given below under 1, and the 
indices determined on the same material washed free from sassolite 
under 2. These values are essentially identical with those of the 
unknown mineral from Larderello described twice by Larsen,® once 
on page 45, under Bechilite No. 2 (specimen from the American 
Museum of Natural History, New York), and again on page SO, 
under Boussingaultite No. 2 (collection of Col. Roebling, now in 
the U. S. National Museum). This last specimen was examined 
through the courtesy of Dr. W. F. Foshag and found to be an 
ammonium borate, mixed with sassolite, but free from magnesium 
and sulphate and therefore cannot be boussingaultite. The optical 
properties show that it is ammonioborite. The indices of refraction 
of these two minerals, as given by Larsen, are reproduced under 
3 and 4. 

Of the three specimens labeled larderellite in the U. S. National 
Museum, only one (U. S. Nat. Mus. Catalog No. 85174, described 
by Larsen®), is larderellite, the other two being ammonioborite. Of 
the latter two, one (U.S. Nat. Mus. Catalog No. 93756) is largely 
yellowish sassolite with small white masses of ammonioborite (in- 
dices given under 5 in Table 1), and the other (U. S. Nat. Mus. 
Catalog No. 94172) is a loose powder of ammonioborite (indices 
given under 6 in Table 1). Ammonioborite, therefore, seems to be a 
relatively common mineral at Larderello, Italy, and in fact may 
be more abundant there than larderellite. 

The average of these six sets of determinations of indices of re- 
fraction of ammonioborite is given under 7 in Table 1. 


5 Larsen, E.S., loc. cit. 
6 Larsen, E. S., loc. cit., p. 98. 
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TABLE 1. OPTICAL PROPERTIES OF AMMONIOBORITE 


1 2 5 4 5 6 7 
Mixed | Washed} Larsen, | Larsen, U.S. U.S. 
with free Bechilite | Boussin- |Nat. Mus.|/Nat. Mus.} Average 
sassolite | from No. 2 gaultite | 93756 94172 
sassolite} No. 2 

a 1.467 1.469 | 1.470 1.473 1.471 1.474 1.470 
B 1.487 1.488 | 1.488 548 6 a | eee Gee 1.487 
OY 1.541 1.539 | 1.542 1.539 1.539 1.541 1.540 
ya .074 .070 .072 OOO? sso reyemne | Gee res .070 
Sign a 2h t. a Seo Ngo thi Lesage ae 
2V Medium || ..\.-. O2eetson Seas | iceberg oo 60°+ 
Dis- 
persion] ..... r<v Siifaiendl Pee aeean || oe omar. imesincs r<v 


The refractive indices of larderellite have been measured by the 
writer and Dr. C. S. Ross has also redetermined them. The results 
are shown below in Table 2 and for comparison, the average values 
for ammonioborite are given in the last column. 


TABLE 2. OPTICAL PROPERTIES OF LARDERELLITE 


Larsen Schaller Ross° Average? Ammonio- 
borite 
a 1.5098 1.493 1.493 1.493 1.470 
B A522 eel 1.509 1.509 1.487 
y 1.561 1.561 1.561 1.561 1.540 
ya .052 .068 .068 .068 .070 
Sign aF Ste ate ats iz 
2V 60°+ 60°+ Don 58° 60°+ 
Dispersion we |e eee | eece r<v r<v r<v 
Orientation St X=b X=b >< ad | Dacor 
e Zi NG=2 4c Zi eisai Zi No sl © an |Z Nes Tal eee 


® Larsen’s value for a@ is too high. 

b Approximate. Given as 1.52+0.01. 

© Very carefully made. Error about +0.001. 

4 The value of 6 determined by Ross is taken. 

¢ As observed on the flat lying crystals, the extinction is parallel to the diagonals 


of the rhomb-shaped crystals. 
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Some of the optical properties of the two minerals are very simi- 
lar, thus both are positive, the optic angle 2V is almost the same, 
and the birefringence (0.07) is practically identical. 

On the other hand there are some marked differences, as the 
following tabulation shows. 


TABLE 3. DIFFERENCES IN OPTICAL PROPERTIES OF AMMONIO- 
BORITE AND OF LARDERELLITE 


Ammonioborite Larderellite 

Shape. nse ace eae te Irregular, crystals with Straight-edged 

rounded outlines rhombs 
Cleavace nian. ccreedaccine Not observed Perfect {001} 
Extinction on platy crystals} Inclined, 7°+ Parallel 
Emerges on plates........ xX Y 
Qigineie eine Sire Mamta ee oe 1.470 1.493 
(SpA NCO Scietanien eA Obey c 1.487 1.509 
OY Ah areas Sete Neo 1.540 1.561 


The two minerals can readily be differentiated optically by im- 
mersing them in oils of known index. In an oil of index of 1.49- 
1.50, larderellite disappears when the shorter diagonal of the 
rhombs is parallel with the vertical cross-hair of the microscope, 
whereas ammonioborite stands out in relief in all positions, one 
direction of extinction being much lower and the other much 
higher, in index value, than the oil. In an oil with index of 1.56, 
larderellite disappears when the longer diagonal of the rhombs is 
parallel with the vertical cross-hair, whereas ammonioborite 
stands out clearly defined, all indices being lower than 1.56. 


CHEMICAL COMPOSITION 


Qualitative tests showed the presence of only ammonia, boric 
acid, and water. The admixed sassolite (boric acid) presented 
difficulty in the analysis as at first no way was found to remove it. 
Finally, it was found that it could be dissolved in cold water. In 
this way a very small sample (0.09 gram) of pure ammonioborite 
was obtained, which was seen on microscopic examination to be 
free from sassolite. Sassolite can readily be recognized micro- 
scopically as it is nearly isotropic, 2V being only 7°, so that the 
plates normal to the acute bisectrix show a very low birefringence, 
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with a nearly uniaxial figure. The birefringence of ammonioborite 
is high, yielding brilliant interference colors. 

Attempts were made to prepare ammonioborite artifically so 
that the composition of this compound could be determined on 
ample material before the natural mineral was analyzed. All such 
attempts resulted in failure. Larderellite likewise has not been 
been made artificially. The well known compound (NH,).0. 
5B203-8H:20 was the only salt obtained, boric acid crystallizing out 
with it if an excess was present. 

A solution of the 1:5:8 compound, when boiled, loses ammonia, 
even when boric acid is added. It is possible, though, that with the 
proper quantity of boric acid added, an equilibrium can be reached, 
so that a solution of the 1:5:8 compound can be boiled without 
losing ammonia. Out of such a boiling solution, it is possible that 
the lower hydrate, namely the 1:5:5 compound, might crystallize. 
Time was not available for studying such possibilities. 

In the analysis of ammonioborite, the sample was dissolved in 
cold water, solution being complete on standing over night. The 


N d 
cold water solution was titrated with io HCl for the ammonia, 


N : 
using methy] red as indicator, an excess of 10 NaOH solution then 


added, and the solution boiled for 20 minutes with a return con- 
denser, open at the top. The boiling was continued for 5 minutes 
after the escaping steam no longer turned red litmus paper blue, 
due to the escaping ammonia. The excess alkali was then titrated 
to neutrality with methyl red as indicator and the freed boric acid 


then titrated with 5 NaOH, using phenolphthalein and mannite. 


A check on the titration method for alkali and for boric acid 
was made on recrystallized borax crystals, without the boiling with 
caustic soda. The analytical results obtained were in good agree- 
ment with the calculated values. 


TABLE 4. TITRATION METHOD CHECKED BY ANALYSIS OF BORAX CRYSTALS 


Found Calculated 
Na2O 16.10 16.07 16.26 
B203 36.58 36.71 SOS 
H;0 (by diff.) 47.32 47.22 Adel. 


100.00 100.00 100.00 
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As all the sassolite could be completely dissolved out of the 
mixture of sassolite and ammonioborite with cold water in ten 
minutes or so, a small quantity of pure ammonioborite for analysis 
was secured in this way. Only ninety-three milligrams of the pure 
mineral were so obtained and the following analysis (Table 5) 
made on this small quantity. For the analysis of the mixtures of 
the two minerals (Table 6) and for the other analyses given in this 
paper, 0.2 gram samples were used. The values obtained are given 
to two decimals simply for the sake of uniformity, though it is well 
realized that even the first decimal has little claim to accuracy. 


TABLE 5. ANALYSIS OF PURE AMMONIOBORITE, FREE FROM SASSOLITE 


Analysis Ratios 
CONTE Ong eae ue u 9.78 0.188 or 1.00 0.96 or 1X0.96 orl 
BiOs Moe 74.18 1.066 or 5.67 5.47 or 5X1.09 or 5 
H,0 (by diff.).... 16.04 0.891 or 4.74 4.57 0r5X0.91 or 5 
100.00 


The water in this sample was necessarily determined by differ- 
ence and consequently any error in the B2O; determination will 
affect that of H.O. The ratio of (NH,4)20: B20;3:H20, taking am- 
monia as unity, is, 1:00:5.67:4.74. If the B,O3 determination is a 
little high, as seems probable from the ratios, then that of water 
would be correspondingly low, so that the correct ratio would 
seem to be 1:5:5, giving the formula of amonioborite as (NH,).0. 
5B203-5H20. 

Before the above analysis of ammonioborite free from sassolite 
was made, the natural mixture of the two minerals had been 
analyzed. In these analyses, the boric acid was titrated directly 
after the ammonia had been titrated with HCl, without realizing 
that the ammonia present (as ammonium chloride) would con- 
sume some NaOH, due to the reaction (NH,)Cl+NaOH= NaCl 
+(NH,)OH. 

Some comparative tests were therefore made on the 1:5:8 arti- 
ficial salt, of which abundant material was available, to see how 
far the presence of the ammonium salt would influence the de- 
termination of B,O;. The percentage of B2O3 determined in the 
1:5:8 salt, without removing ammonium, is 66.49 (Av. of 66.88, 
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66.82, 66.00, 66.27). The percentage of B2Os, first removing am- 
monium by boiling with NaOH solution, was determined to be 
64.48 (Av. of 64.33, 64.63). The B:O3 determination, without re- 
moving ammonium, is therefore about two percent too high. If the 
corresponding correction be applied to the determination of B20; 
in the ammonioborite-sassolite mixture, its analysis is as follows: 


TABLE 6. ANALYSIS OF AMMONIOBORITE-SASSOLITE MIXTURE 


Analysis Average Ratio 
CNHD)i07 ee 5.71- 6.00 5.86 0.1127 0r 1.00 
BLO gear wictere ts 64.10-64.31 64.21 0.9226!or 8.19 
EOl(bysdift.) eee tenet 29.93 1.6628 or 14.75 
100.00 


In interpreting these ratios, that for (NH,)20 is reduced to unity 
and the proper proportion of B20; and H,O (1:3) deducted, to 
allow for the admixed sassolite. 


TABLE 7. RATIOS OF ANALYSIS OF AMMONIOBORITE-SASSOLITE MIXTURE, 
DEDUCTING SASSOLITE 


Sassolite deducted Ratios of pure 


Ammonioborite 
(NH,)20 1.00 pias 1.00 
B03 8.19 3.19 5.00 
H,O 14.75 9.57 5.18 


By arbitrarily deducting enough B.O; from the ratios of the 
mixture to yield a 5:1 ratio of B2O3:(NH4)20, the ratio of the re- 
maining water to (NH,4)20 is also 5:1, yielding the same ratio for 
the pure mineral as previously obtained, namely (NH4)20-5B203- 
5H.O. According to these ratios, the mixture analyzed consisted 
of 57 per cent of ammonioborite. As ammonioborite theoretically 
contains 10.61 per cent (NH,)20, the determination of 5.86 per 
cent (NH,)20 shows that 55 percent of ammonioborite was present 
in the mixture—a close agreement. 


X-Ray EXAMINATION 


On the assumption that a study of the structures of these min- 
erals by X-ray methods might contribute further evidence as to 
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the difference between larderellite and ammonioborite, Dr. E. 
Posnjak of the Geophysical Laboratory kindly took photographs 
of the X-ray spectra of both these minerals, which are reproduced 
in Fig. 2. They show a distinct difference in the structure of the 
two minerals. 

The sassolite present in the samples was dissolved out with cold 
water, and microscopic examination of the remaining powder 
showed that both were pure. The larderellite (L in Fig. 2) was 
furnished by Prof. E. S. Larsen from the Harvard Collection. The 
ammonioborite (A in Fig. 2) is from the sample wrongly labelled 
boussingaultite in the Roebling Collection (now in U.S. Nat. Mus. 
Cat. No. R6167), whose optical properties were described by Larsen 
under Boussingaultite No. 2 and reproduced in column 4 of Table 1. 


Fic. 2. X-ray spectra of larderellite (L) and ammonioborite (A). Taken by 
Dr. E. Posnjak of the Carnegie Geophysical Laboratory. 


Tue 1:5:8 ARTIFICIAL SALT 


The well known salt (NH4)20-5B,0;:8H,0, readily crystallizes 
out of a cold water solution in orthorhombic crystals, commonly 
forming twins and trillings. A quantity of this salt was prepared 
in order to have abundant material of an ammonium borate avail- 
able for testing the chemical methods of analysis. It was found ex- 
perimentally that a mixture of 40 grams boric acid, 35 c.c. strong 
ammonia, and 800 c.c. water, left to crystallize at room tempera- 
ture, yielded a crop of crystals of the 1:5:8 compound, with very 
little free boric acid. Smaller quantities of ammonia always yielded 
an abundance of crystals of boric acid as well as the 1:5:8 salt. 

The optical properties of the 1:5:8 salt are as follows, the data 
of the first two columns being taken from the literature. The re- 
sults given by d’Achiardi are only approximate, the determination 
of 6 being considerably in error, 
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TABLE 8. OPTICAL PROPERTIES OF THE ARTIFICIAL SALT, (NH4)20-5B203:8H20 


Bolland® d’Achiardi> Schaller Ross 
a 1.44 approx. <1.471 1.425 1.426 
C= aie 1.471 1.430 1.429 
x 1.485 approx. 1.498 1.488 1.486 
Sign att 1 ae oe oF + 
2V 465 (red) * wg wee | eee 352 
DISPETSiON aaa Shee ees || em ee ee ene AE r<v 


® Taken from Winchell, A. N., The optic and microscopic characters of artificial 
minerals: Univ. Wisconsin Studies, No. 4, 1927, p. 56. 
6 faken from Abstract (Mineral. Abstracts, vol. 5, p. 146, 1932) of d’Achiardi, G., 
Considerazioni e ricerche sulla larderellite, etc. Periodico di Mineralogia, vol. 3, 


(No. 1), pp. 1-9, 1932. 


The analysis of the 1:5:8 salt yielded the following values (Table 
9), the solution of the salt being boiled with an excess of NaOH 
solution to remove ammonia, before titration of the boric acid. 


TABLE 9. ANALYSIS OF 1:5:8 SALT 


1 D 3 4 Average Ratios 
(NH,)20 8.79 | 8.60} 8.69] 8.60 8.67 | 0.1667 or 0.90 or 1 
B20;* 64.33 | 64.63 64.48 | 0.9264 0r5.02 or5 
JElAOonpebiie, Wo heoe |) Soma 26.85 | 1.4917 or8.08 or8 
100.00 


® Determination of B,O3 immediately after the ammonia titration with HCl, 
without boiling with NaOH solution to remove the ammonia, gave higher re- 
sults, namely, 66.88, 66.82, 66.00, 66.27. 


The ratios obtained are: 0.90: 5.02:8.08; close to 1:5:8. 

Determinations of loss upon ignition leaving only B2O; behind, 
both the ammonia and the water escaping, show that a little 
B.2O3 also escapes under these conditions (Table 10). For the am- 
monium borates, the residue after simple ignition does not yield 


accurate values for B2O3. Ignition with lime would probably retain 
all the B.O3. 


492 THE AMERICAN MINERALOGIST 


TABLE 10. DETERMINATION OF B03 AS RESIDUE ON IGNITION, IN AMMONIUM 
BoRATES, SHOWING TOO Low A RESULT 


B.2Os3, as residue on 


oanon BOs, by titration 
Mixture of ammonioborite and sas- 
SOlIte Ses a Fa ees ee 62.30 64.10, 64.31 
LS 8icaltey reac ore eer 62.72, 62.94 64.48 


Boric-acid en. acres roe ae 53.65 55.64, 55.83 


A CHEMICAL AND OPTICAL STUDY OF PIED- 
MONTITE FROM SHADOW LAKE, MADERA 
COUNTY, CALIFORNIA 


ALLAN M. SuHort, Cornell University. 


INTRODUCTION 


‘The purpose of this paper is to present some chemical and opti- 
cal data on piedmontite recently collected near Shadow Lake, 
Madera County, California, and to discuss these in relation to the 
properties recorded from other occurrences. 

Abundant material from the Shadow Lake area, collected by 
Dr. E. B. Mayo, and specimens in the Cornell Mineralogy Col- 
lection from Shikoku, Japan; South Mountain, Pennsylvania; and 
Saint Marcel, Italy, were generously furnished for this study. 


NATURE OF THE MATERIAL 


The specimens from the Californian occurrence, containing well 
crystallized piedmontite were taken from a shear zone in schistose 
volcanic rocks about three hundred yards east of the outlet of 
Shadow Lake. 

Since this zone served as a line of weakness along which min- 
eralizing solutions could rise, the materials in it differ from those 
of the adjacent, previously described country rock (16),* in being 
more coarsely crystalline and containing a greater abundance 
of minerals that might have been formed from introduced sub- 
stances (Fig. 1). The usual mineral association is piedmontite, 
tremolite and vein quartz, which were deposited in the order given. 
In addition some cavities in the rock are lined with small, orange- 
colored crystals of a garnet that gives the usual bead test for 
manganese. 

The microscopic study has confirmed the order of deposition de- 
termined in the hand specimen. In thin section tremolite, itself en- 
closed in later quartz, can be seen replacing piedmontite. Near the 
replacement boundaries, the tremolite was darkened by minute 
inclusions of manganese oxide, doubtless derived from the epidote 
mineral. Sections parallel and perpendicular to the rock cleavage 
show that the majority of the piedmontite crystals have their a 
and bd axes in the plane of schistosity. 


* Numbers in parentheses refer to the bibliography at the end of this paper. 
493 
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CHEMICAL STUDY 


As a preliminary to the complete quantitative analysis of the 
piedmontite, a spectroscopic comparison was made with material 
from other occurrences. The spectrograms obtained (Fig. 2), show 


Fic. 1. Specimen ($X) from the shear zone of Shadow Lake, Madera County, 
California. Dark blades and needles of piedmontite, embedded in quartz and asso- 
ciated with white, fibrous tremolite. 


the compositions to be almost identical. In all, the essential ele- 
ments, silicon, aluminium, calcium, manganese and iron, together 
with some magnesium and traces of titanium, cerium, copper and 
lead were present; the last three being highest in the South Moun- 
tain sample, in agreement with the original analysis (8). 


Are. 
(Tedora Co. 
Golif” 


St. Moree], 
Ti aly. 


Shikoha, 


opan, 


SouthMt, 


Penna. 


Fic. 2. Spectroscopic Comparison of Piedmontite from Four Occurrences. 


In the sample for quantitative analysis and specific gravity de- 
termination, it was impossible to eliminate quartz as an impurity, 
but garnet and tremolite were easily avoided, as they were more 
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or less localized. The sample was prepared, first by crushing and 
separating in bromoform to remove most of the quartz, then in 
KJein’s solution (Sp. Gr. 3.33), and a final sorting under the 
binocular. 

The specific gravity of this selected product, as obtained by the 
pycnometer method, was 3.44 at 22°C. or (D,” 3.43). 

To compute the quartz impurity still in the piedmontite, a few 
pure, well crystallized fragments were selected and run for silica 
alone, which was found to be 35.26%. The silica in the complete 
analysis was then corrected to 35.26% and the whole analysis re- 
calculated. 

The specific gravity of the pure piedmontite was calculated from 
a sample (Sp. Gr.=D,” 3.43) having a quartz impurity (Sp. Gr. 
2.654) of 2.79%. The true specific gravity was therefore (D.” 
3.46). 


ANALYSIS OF PIEDMONTITE FROM SHADOW LAKE, MADERA COUNTY, CALIFORNIA 
T. Kameda, Analyst 


Original Recalculated 
Si02 38.05% 35.26% 
Al,O3 22.49 MoS) 
Fe.03 4. 45 4. 65 
MgO 0.20 O21 
CaO 21.75 PH) Us) 
H20 tol 4-37 
TiO2 Ont! 0.12 
Mn,O3 11.61 2S 
Total 99.97 99.97 


This analysis shows no MnO and the analyst states that if any 
is present, it is only a trace. 

The published analyses of piedmontite are represented graphi- 
cally (Fig. 3) in order of increasing Mn2O; and some interesting, 
if not accurate, conclusions can be drawn. With the increase of 
Mn.O; there is also an increase of MnO, in those analyses reporting 
this oxide, and a ratio of Mn,03;: MnO=4:1 is almost constant. 
The Saint Marcel mineral, analyzed by Hartwell, and that from 
California report no MnO but show a slight rise in the Mn;,O3 
curve, which doubtless indicates that the lower oxide was really 
present but has been included as manganic oxide. With increase 
of Mn.Q; there is a general decline of Al:O3, showing a replacement 
of Al,O3 by Mn;zO3. Also there is a pronounced reciprocal relation 
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between Fe.O; and Al.O3. No FeO was reported in any of the an- 
alyses. The silica, as expected, varies between well defined limits, 
35% to 38.5%. The CaO varies within a range of 5%, except in the 
analysis of the Saint Marcel piedmontite by Soboero. The rela- 
tions between the amounts of CaO and MnO are not clear, although 
one would expect MnO and MgO to replace CaO. However, this 
series of analyses emphasizes the association of the RO; oxides and 
shows a possible relation between Mn.O; and MnO. 
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Fic. 3. Variations in the Composition of Piedmontite. 


. Island of Shikoku, Japan. (12) 

. South Mountain, Pennsylvania. (19) 

. Sulphur Springs Valley, Arizona. (15) 

. Madera County, California. 

. Kajlidongri, Jhabua State, Central India. (10) 
. Saint Marcel, Italy. Hartwell analyst. (9) 

. Saint Marcel, Italy. Laspeyres analyst. (13) 

. Saint Marcel, Italy. Rammelsberg analyst. (18) 
. Saint Marcel, Italy. Geffken analyst. (9) 

. Saint Marcel, Italy. Soboero analyst. (9) 

. Saint Marcel, Italy. Deville analyst. (9) 
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In general the above relationships support the accepted formula 
for piedmontite, but since the sesquioxides of aluminium, iron and 
manganese appear to mutually replace one another, and since 
MnO and small amounts of MgO are present, probably replacing 
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CaO, it appears that the formula, H (Ca, Mn, Mg), (Al, Mn, 
Fe)3SisOis, expresses these relations more accurately. 


OpTIcAL STUDY 


The optical properties of analyzed piedmontite, as recorded in 
the literature, are very incomplete, and evidently have not been 
studied as fully as have the chemical properties. Its pleochroism, 
which is most diagnostic, has been reported for all occurrences and 
evidently increases in intensity with the increase of manganic 
oxide (13, 19). In general the pleochroism for the various optical 
directions is (6, 7, 15, 19, 20): 

X= shades of lemon yellow to orange and brownish orange. 


Y=red to reddish violet and amethystine. 
Z=light rose to carmine and blood red. 


The Madera County piedmontite has the following pleochroism 
(16): 
X=lemon yellow to orange. 


Y=amethyst to amethystine red. 
Z=carmine. 


The indices of refraction were determined by immersion in 
liquids made up of solutions of AsBr; and AsS in methylene iodide 
(2). It was found that all the crystals and fragments did not have 
the same indices in corresponding directions and that they differed 
as much as +.005, although there was no visible difference in the 
color or pleochroism. Similar variations have been observed in 
epidote from Telemarken, Norway (1). For this reason the means 
of the values obtained by this method were chosen as representa- 
tive: Nj =1.7985, Nm=1.7649, Np= 1.7385. 

The optic axial angle 2V as calculated (11) from the indices was 
76° 22’ and as measured on the universal stage varied from 64° 
to 75°. 

The recorded numerical optical characteristics (12, 13, 14, 15) 
and data on specific gravity (18), although meagre, are shown 
graphically in order of increasing MnO; content (Fig. 4). The 
lowest value shown for 2V (56°) was obtained from material repre- 
senting the South Mountain occurrence (14), but it is not certain 
that this material had the composition indicated by Williams’ 
analysis (19). This value however, fits the general trend of the 
optic axial angle curve very well. 
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The varying proportions of Mn2O; and FeO; produce interesting 
effects on the optical properties. When these two substances are 
present in approximately equal quantities, the resulting mineral is 
optically positive, and has 2V between 50° and 60°. The South 
Mountain mineral approaches this composition and has an optic 
axial angle of 56°. If the manganese is in excess, the optic axial 


6 28. 210) eo) 1416 
% ¥n.0. 


Fic. 4. Relation of Optical Properties and Specific Gravity 
to Mn2O; Content of Piedmontite. 


angle increases, as in the piedmontite from Saint Marcel, analyzed 
by Laspeyres, in which FeO; is to Mn2Oz as one to ten, and the 
optic angle is 82° to 90°. From this it is quite conclusive that a 
piedmontite without iron should be optically negative and have 
2V close to 90°. 

As Mn,O; in piedmontite decreases in proportion to Fe,Q3, as 
in withamite (4), it is highly probable that the 2V curve would 
rise sharply, becoming negative at about two or three percent 
Mn,O; and with decreasing optic angle pass into ordinary epidote. 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 499 


The increase of MnO; also increases X Ac and the specific 
gravity, and decreases the indices of refraction. From data recorded 
by Larsen (14) and from Andersen’s conclusions (1), it is very 
probable that the N, and N, curves converge with increase of 
Mn2O3 but not enough data are available to justify a definite 
statement. 

In reviewing the literature it was found that little optical re- 
search has been done on material represented by chemical analyses, 
and correlation between the various data can not be made with 
accuracy. Since this manganese-bearing epidote, although rare, is 
becoming better known as a rock-forming mineral, further optical 
study of analyzed material would seem desirable. The possible 
relations indicated in this paper require confirmation and merit 
considerable further investigation. 
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NOTES AND NEWS 


NOTES ON MINERAL LOCALITIES IN MAINE 


Lioyp W. FIsHER, Bates College. 


CHRYSOBERYL 


Many museums in the United States have crystals of chryso- 
beryl that were found in the Ragged Jack Mountain locality in 
the town of Hartford, near the Peru line. Dana’s Textbook of 
Mineralogy, 3rd ed., p. 424, lists chrysoberyl in Maine from Nor- 
way, where it is associated with garnet in granite; from Stoneham, 
with fibrolite; and from Buckfield, Greenwood and Topsham. No 
mention is made of the Ragged Jack Locality although Palache 
described the area in this journal.1 Mr. Dudley, of Buckfield, is 
given the credit of being one of the original discoverers of the ledge. 
The area was visited July 1933 by the writer in company with T. 
Wilson Bonney, discoverer of the ledge,? and others. During this 
visit numerous small and fairly clear pieces of chrysoberyl were 
found. 

Ragged Jack Mountain is composed chiefly of gneissoid biotite 
granite. Its western cliff, easily noted on the Buckfield (Maine) 
quadrangle, faces Black Mountain, the outstanding topographic 
feature in the immediate vicinity. Many good specimens of chryso- 
beryl have been found in the talus material at the base of the sheer 
cliff. The chrysoberyl-pegmatite is exposed at the base in a vein 
about four feet wide. The vein continues in a diagonal line up the 
full height of the cliff, about 125 feet. Attempts have been made 
during the past year, 1933, to work the pegmatite. A shaky ladder 
has been placed from the talus slope to the cliff face. 

The pegmatite near the base of the cliff shows a segregation of 
milky quartz in which there are some large schorl crystals and 
feldspar, the latter being abundant on one side of the vein. Quartz 
is the chief constituent of the lower part of the exposed vein. A rich 
development of muscovite mica in books reaching 3 inch in thick- 

1 Palache, Charles, Chrysoberyl pegmatite of Hartford: Am. Mineral., 9, pp. 
217-221, 1924. 

2 Communication from S. C. Simms, Field Mus., Chicago:—‘‘Three specimens 
of chrysoberyl from Ragged Jack Mountain were sold the Field Museum in 1908 


by T. W. Bonney, of Buckfield, who described the location about 15 miles northeast 
of Mount Mica near the townline of Hartford and Peru.” 
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ness and intimately associated with biotite occurs on the lower ‘eft 
side of the vein. The biotite forms large patches locally in the dike. 
The muscovite is characterized by a peculiar curved cleavage and, 
in mass, resembles amber mica. Almandite garnets in the feldspar 
are three-quarters of an inch in size and in well developed trape- 
zohedrons. Quartz occurs in several varieties—milky, smoky, 
amethystine and iron stained—but the glassy vein quartz is most 
abundant. 

Chrysoberyl is more abundantly associated with quartz than 
with feldspar. The largest piece found measures 25” by 23” by 
33". Most of the pieces of chrysoberyl are badly shattered. One 
piece in quartz is bordered by a thin strip of schorl and is coated 
with a secondary micaceous product. Most of the chrysobery]l is 
not more than %” thick. It breaks from the enclosing quartz or 
feldspar with marked facility. The specimens are wine yellow, al- 
though some with a definite greenish cast were seen. Twinned and 
simple crystals of both colors were found. The twinning striations 
are impressed on the feldspars and are seen where the chrysoberyl 
crystals have been broken out. 

Tourmaline, schorl variety, is also quite abundant. One small 
partial crystal with a perfect rhombohedral-like termination 
measured 13” in diameter and 1” in length. Several broken prisms 
of tourmaline are rehealed by quartz. Portions of milky quartz 
carry the impressed striations of the schorl. 

The writer is not aware that apatite has ever been listed from 
this locality, although it is abundant in nearby quarries. A fairly 
well developed apatite crystal was found. It measures about 2” 
in length and the side of the prism measures 3” at the base. It is 
probably later in crystallization than the feldspar with which it is 
associated. One prism face of the apatite has entered the cleavages 
of the feldspar. A portion of the crystal is broken and rehealed by 
quartz. A smaller, nearly perfect hexagonal outlined crystal was 
found in the same specimen entirely enclosed by quartz. 


3 The largest specimen now in Mr. Bonney’s collection is 1/8” thick, and 2” by 
13”. Some of it is of gem quality. 


GRAPHITE 


The writer is preparing a paper* on an occurrence of graphite in 
a pegmatite near Lewiston, Maine, and while studying the litera- 


* Article will appear in a future issue of the Journal. 
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ture on Maine mineral localities, encountered the following state- 
ment:! 

“About twelve years ago quite an excitement was caused by developments in 
the vicinity of Oak Hill in Wales. Thomas Barr’s farm, at Ray’s Corners, had rock 


in 1876 bearing $25 of pure silver to the ton. Plumbago had earlier been mined 
there, and sulphuret of silver was said to exist in the same mine and its vicinity.” 


The area referred to is located in the Lewiston quadrangle, cen- 
tral rectangle, on the western slope of a low hill bordering Sabattus 
Lake on the west. A road leads northwesterly from the village of 
Sabattus and at a point one and two-tenths miles from the village 
an old logging road enters the woods to the east. The old mine 
prospect is located on the continuation of this road near the top 
of the hill. 

The country rock of the area is quartz-mica schist dipping at a 
steep angle to the west. The schists carry considerable graphite. 
They are intruded by a fairly coarse grained granite pegmatite 
which contains black tourmaline. In none of the rocks examined 
were any traces of silver ore found. 

The mine was worked by trenching. A long trench cut down the 
hillside slope is now overgrown with brush but it can be traced for 
more than 100 feet. Several smaller trenches branch off from this 
main one. Large piles of rocks on the dump indicate past mining 
activity. None of the rocks on the dump showed any black minerals 
except graphite and schorl. 

A resident in the immediate section for over 35 years was ques- 
tioned. He (a Mr. Wakeley) stated that the mine had not been 
worked during his residence there. The materials obtained from 
the mine during its period of operation were sold to a firm that 
made shoe and stove polish. 

Gold was reported from another locality at the forks of the road 
—Ray’s Corners—beyond the logging road leading to the old silver 
prospect. Quartz veins, pegmatite intrusions, materials in the walls 
and boulders in the fields were examined but no gold was found. 
Old residents in the area knew nothing about the “‘gold”’ occur- 
rence. 


1 Merrill, G. D., History of Androscoggin County, Maine, p. 31, W. A. Fergus- 
son and Co., Boston, 1891. 


DIRECTORY OF AMERICAN AND CANADIAN 
MINERAL COLLECTIONS 


SAMUEL G. GorDON, Academy of Natural Sciences 
of Philadelphia 
(Continued from page 468) 
UTAH 


PROVO BRINGHAM YOUNG UNIVERSITY MUSEUM, 
Deseret Museum, Collections, in Part. 


SALT LAKE C1Ty UNIVERSITY OF UTAH. 


An extensive collection. 


WESTMINSTER COLLEGE. 


A general collection including that of Robert Forrester (in part), rich in 
Utah minerals. Open to visitors at all times. 


TORRY JUNE COVINGTON. 
VERMONT 
BURLINGTON UNIVERSITY OF VERMONT 


A general collection of about 1000 specimens. E. C. Jacobs, Custodian. May 
be seen daily. 


CUTTINGSVILLE Jutius W. EccLeston, 20 Copperas Hill. 
About 1000 general and local specimens. 
H. W. Ripon. 
MIDDLEBURY MIDDLEBURY COLLEGE 
MONTPELIER STATE BUILDING. 


Vermont minerals and rocks. 
ST. JOHNSBURY FAIRBANKS MusEuM oF NATURAL ScI- 
ENCE. 


Mabel A. Shields, Curator. A general and local collection of 1500 specimens. 
Open weekdays 9 a.m. to 5 p.M., and on Sundays from 2:30 p.m. to 5 P.M. 


SoutH LONDONDERRY CHARLES COLBURN. 


WESTFIELD Hitcucock MrEmMorIAL MusEUM 
VIRGINIA 
BLACKSBURG VIRGINIA POLYTECHNIC INSTITUTE. 


A general collection of 2000 specimens (including the private cabinet of 
Professor R. J. Holden) is in the Department of Geology in Davidson Hall. It 
may be seen from 8 A.M. to 5 p.m. during the school term. 
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EMorRY EMORY AND HENRY COLLEGE. 

LEXINGTON VIRGINIA MILITARY INSTITUTE. 
WASHINGTON AND LEE UNIVERSITY. 

RICHMOND StaTE Museum, Capital Square. 


Minerals illustrating the resources of Virginia. J. G. Blount, Custodian. Open 
8:30 A.M. to 5 P.M. on weekdays, 8:30 a.m. to 5:30 p.m. on Saturdays and Holi- 
days, closed Sundays. 


ROANOKE VIRGINIA MUSEUM OF NATURAL HISTORY 

SALEM ROANOKE COLLEGE. 

University (Charlottesville) UNiversity OF VIRGINIA, Brook’s 
Museum. 


A general collection of 2000 specimens. Open daily except Sunday, 8:30 a.m. 
to 5 P.M. 


WASHINGTON 

BURTON VASHON COLLEGE. 
Hoquiam W. H. Marcuett, 411 M Street. 

Lapidary. Collection of minerals and gems. 
Port ANGELES KLAHHANE City MUSEUM. 
PULLMAN STATE COLLEGE OF WASHINGTON, Science 

Hall. 
A general teaching collection of 1500 specimens. Custodian, Malvin G. Hoff- 
man. 

SEATTLE STATE MUSEUM 


Dr. Erna Gunther, Director. A general collection of 200 specimens. Open 
every day from 1 P.M. toS P.M. 


UNIVERSITY OF WASHINGTON, State Mu- 


seum. 
The Baker Collection, and a rather complete collection of Washington min- 
erals. 
SPOKANE Pusiic Museum, 2316 First Street. 


C. O. Fernquist, Curator of Mineralogy. 
TACOMA B. H. BENNETTS, 1131 Market Street. 


Collection of ores. 
TERRY MUSEUM OF TACOMA. 
WASHINGTON STATE HISTORICAL SOCIETY. 


Small general collection. 


WALLA WALLA WHITMAN COLLEGE, Whitman Museum. 


H. S. Brode, Curator. About 1300 specimens are exhibited. These may be 
seen on request. 
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WEST VIRGINIA 
MoRGANTOWN WEST VIRGINIA UNIVERSITY, Chemistry 
Building. 
A general collection of 2000 specimens. Open daily from 2 P.M. to 5 P.M. 
except Saturdays and Sundays. Dr. J. H. C. Martens, Custodian. 


WISCONSIN 
APPLETON LAWRENCE COLLEGE, Science Hall. 


A general and local collection. Dr. Rufus Mather Bagg, Custodian. May be 
seen Monday and Wednesday afternoons, or by appointment. 


Rurus MATHER Bac6, 16 Brokaw Place. 


BELOIT BELoiT CoLtEGE, Science Building. 


A general collection of 600 minerals. Open daily 8 A.m. to 12 mM, and from 
1p.m.to5 p.m. M. E. Wing, Curator. 


GREEN Bay NEVILLE PusBLtic MUSEUM. 
MADISON UNIVERSITY OF WISCONSIN, Department 
of Geology. 
Teaching collections. 
MILTON MILTON COLLEGE. 
MILWAUKEE MILWAUKEE-DOWNER COLLEGE, Greene 


Memorial Museum. 


Contains the Thomas A. Greene Collection. Carol Y. Mason, Curator. A 
general collection of 13,500 specimens may be seen by appointment. 


MILWAUKEE PuBLIC MUSEUM. 


Ira Edwards, Custodian. A general collection of 20,000 specimens, including 
the Charles Quarles Cabinet, rich in Wisconsin lead minerals and Lake Superior 
minerals. Synoptic collection of meteorites. Open November 1 to May 1, 9 a.m. 
to 9 p.m., Sundays, 1:30 p.m. to 9 p.m. May 1 to November 1, 9 a.m. to 5:30 P.., 
Sundays 1:30 p.m. to 5 P.M. 


NEw LONDON New Lonpon Pusiic Museum. 

OsHKOSH OsHKOSH PuBLIC MUSEUM. 

RACINE RAcINE MEMORIAL MUSEUM. 
Includes the Blake Collection of minerals. 

RIPON Ripon CoLece, East Building. 


A small general collection, which includes the Barber and Armstrong collec- 
tions, and the New Orleans Collection from the New Orleans Exposition. J. F. 
Groves, Custodian. 
ST. FRANCIS SALZMANN MUSEUM. 
WATERTOWN NORTHWESTERN COLLEGE. 
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WYOMING 


CHEYENNE C. S. Dietz, Carey Annex Building. 
WyomInG STATE GEOLOGICAL DEPART- 
MENT, 313 Capitol Building. 


A state collection. John G. Marzel, Custodian. Open weekdays from 9 A.M. 
to5 P.M. 


LARAMIE UNIVERSITY OF WYOMING. 
YELLOWSTONE PARK YELLOWSTONE MUSEUM. 


CANADIAN COLLECTIONS 
ALBERTA 


BANFF Rocky MOuNTAINS PARK MUSEUM. 
BRITISH COLUMBIA 


BRITANNIA BEACH FRANK EBBUTT. 
A collection of 800 minerals and ores. 
VANCOUVER ArT, HISTORICAL, AND SCIENTIFIC ASso- 
CIATION. 


VANCOUVER City MUSEUM. 
A collection of 500 specimens including the Dr. Roland Grant’s Collection. 
T. P. O. Menzies, Curator. 
VICTORIA MINERAL MUusEvM, Bureau of Mines. 
John D. Galloway (Provincial Mineralogist) Custodian. Principally an eco- 
nomic collection of British Columbia minerals and ores. Office hours: weekdays, 
9 am. to 5 P.M. Saturdays 9 A.M. to 1 P.M. 


MANITOBA 

WINNIPEG UNIVERSITY OF MANITOBA. 
NEW BRUNSWICK 

CHATHAM Mrramicut NATURAL History ASSOCI- 
ATION MUSEUM. 

FREDERICTON UNIVERSTIY OF NEW BRUNSWICK. 

SAINT JOHN THE NEw Brunswick Museum (Formerly 
The Natural History Society of New 
Brunswick). 


Eight thousand specimens, including the original contents of Gesner’s Mu- 
seus of Natural History—that of the first government Geological Survey in 
Canada, and assembled by Dr. Abraham Gesner. Open dailyfrom 10 4.M. to 5 P.M. 


NEWFOUNDLAND 


St. JOHN’S GEOLOGICAL SURVEY OF NEWFOUNDLAND, 
Museum. 
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NOVA SCOTIA 
HALIFAX DALHOUSIE COLLEGE, Museum. 
PROVINCIAL Museum oF Nova SCOTIA. 


Harry Piers, Curator. A collection of 6,952 specimens, mostly from Nova Sco- 
tia, including the Henry Howe Collection. Open weekdays 10 A.M. to 4 P.M., 
Saturdays from 10 a.m. to 1 P.M. 


TRURO County AcADEMyY, Museum. 
WINDSOR Krno’s COLLEGE, Museum. 
WOLFVILLE ACADIA UNIVERSITY. 


Small collection, chiefly Kings County minerals. 


ONTARIO 


CoBALT ArtHuR A. Corte (Temiskaming and 
Northern Ontario Railway office). 


A collection of Northern Ontario minerals and ores. 
COLLINGWOOD Huron Institute, Museum. 
GUELPH ONTARIO AGRICULTURAL COLLEGE. 

A general collection of 600 specimens. 

HAILEYBURY BERNARD W. HArtTLey, Box 15. 

A collection of 2500 minerals, ores, and gems. 


KINGSTON QUEEN’s UNIveERsITY, Miller Hall. 


A general, and Ontario collection of 35,000 minerals and ores. Open daily 
except Sundays. 


OTTAWA GEOLOGICAL SURVEY OF CANADA, Museum. 
UNIVERSITY OF OTTAWA. 
PERTH A. M. CampBEL1, Box 285. 


A general collection, including part of the collection of Dr. James Wilson. 


PERTH MunicipaL Museum, Perth Public 
Library Building, opposite Town Hall. 

A general collection, including part of the collection of Dr. James Wilson 
which had been housed in the Perth Collegiate Institute. A. M. Campbell, Cura- 
tor. 

TORONTO ONTARIO PROVINCIAL MUSEUM. 
ROyAL ONTARIO MUSEUM OF MINERAL- 
oGy, 100 Queen’s Park. 


Dr. T. L. Walker, Director. A large general collection, including the W. F. 
Ferrier collection, in part. Rich in Canadian minerals. Open weekdays from 10 
A.M. to 5 p.m., Sundays from 2 p.m. to 5 P.M. 


VICTORIA UNIVERSITY. 
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QUEBEC 
LAUZzON COLLEGE St. JOSEPH DE LEvis. 
LONGUEUIL LONGUEUIL COLLEGE. 
MONTREAL ECOLE NORMAL STE. CROIX. 
EcoLE POLYTECHNIQUE, 1430 St. Denis 
Street. 


A general and local collection of 5000 specimens. A Mailhiot, Custodian. May 
be seen upon request. 


McGILL UNIVERSITY, Peter Redpath Mu- 
seum. 


Contains the Walter F. Ferrier collection, in part, and the Holmes and Miller 
collections. 


MONTREAL COLLEGE. 
Possesses a collection made by Abbe Haiiy. 
NATURAL HIstToRY SOCIETY OF MONTREAL. 
Has a C. U. Shepard collection of 4000 specimens, presented by Dr. Holmes. 
QUEBEC LAvAL UNIVERSITY. 


A large collection of Canadian minerals, and a collection made by Abbe 
Haiiy. 
MuseEvuM OF PuBLIc INSTRUCTION. 
SAINT-LAURENT COLLEGE SAINT-LAURENT. 


A large mineral collection. 


ConvENT DEs SOEURS DE SAINT-CROIX. 
SHERBROOKE St. CHARLES SEMINARY, Museum. 


A small mineral collection. 


ADDITIONS AND CORRECTIONS TO THE DIRECTORY 


ADDITIONS 
CALIFORNIA SUNNYVALE: WILLIAM B. Pitts, 530 Frances Street. Cut 
semi-precious and ornamental stones. : 
IOWA REDFIELD: MARK C. BANDY. 
MAINE SoutH PorTLAND: LEONARD H. STARBIRD. 


MASSACHUSETTS  CamsripGE: GrorGE H. Barton, 89 Trowbridge Street. 
ME tROosE: E. R. CHADBURN, 394 Pleasant Street. 

NEW HAMPSHIRE  Lesanon: Mrs. FRANK C. CHURCHHILL. 

NEW YORK SCARSDALE: JAMES G. MANCHESTER. Local minerals. 


PENNSYLVANIA ALLENTOWN: EUGENE W. BLANK, 241 N. Ninth Street. 
FREELAND: JOHN J. SHRADER, 184 Alvin Street. 
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CORRECTIONS 
Peg 316, Dane 7: Read MOCALNO. 
320, 10: Delete comma after IRENEE. 
“ 323, “ 20: Set line “CHILDREN’S MUSEUM. ...” in. 
“ 363, “ 30: Read HAMLIN. 
S304 ee Olen eee DELO: 
So fi. Sale 18, Ik. Ofna. 
“ 412, “ 19: “ Captain George Rowe. 


“ 418, Last line ‘“‘The collection is destined for the American Museum of Natural 
History.” Refers to the William Boyce Thompson Collection at 
Greystone (listed on page 415). 

“ 461, Next to last line: Read 25 instead of 20. 

“ 465, Line 2: Read 4217 Pine Street. 

“ 467, Delete lines 23 and 24 under “Clarksville.” 


PROCEEDINGS OF SOCIETIES 


PHILADELPHIA MINERALOGICAL SOCIETY 
Academy of Natural Sciences of Philadelphia, June 1, 1933. 


A stated meeting of the Society was called to order by President Trudell, with 
48 members and 45 visitors present. The following were elected members: Messrs. 
Nicola d’Ascenzo, David Walker, and William Hutchinson. The following proposals 
for membership were referred to the executive council: Messrs. Clifton V. Mimms 
and Henry Moor. 

Microscopic Mineralogy and Exhibition of Mounted Specimens, under the direc- 
tion of Dr. L. C. Wills, was on the program for the evening. Twelve rotating tables 
equipped with microscopes, and in charge of an experienced operator, had been 
set up in the Academy’s lecture hall. Many unique and beautiful specimens were 
thus shown. 

W. H: Frack, Secretary 


THE MINERALOGICAL SOCIETY OF AMERICA 


The Fourteenth Annual Meeting of The Mineralogical Society of America will 
be held at the University of Chicago, Chicago, Illinois, on December 28-30, 1933, 
in conjunction with the Geological Society of America. 

Headquarters and place of registration will be in the Reynolds Club, University 
of Chicago, 57th Street and University Avenue. 

The first session of the Mineralogical Society will be held at 2 p.m. on Thursday 
December 28. It is planned to publish in the December issue of the Journal a pre- 
liminary list of titles of the papers to be presented before the Society at its annual 
meeting. 

There are numerous hotels near the University and arrangements for the use of 
the University dormitories and International House have been made. Requests for 
hotel reservations should be sent directly to the hotels. Reservations for Inter- 
national House and Dormitories should be sent to Prof. R. T. Chamberlin, Rosen- 
wald Hall, University of Chicago. 
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With bath Without bath 
single double single double 

International House 

59th and Dorchester $2.00 
University of Chicago 

Dormitories 2.00 3.00 
Shoreland Hotel 

Hyde Park, Chicago $4.00 $5.50 
Hotel Windermere : 

East Hyde Park 4.00 5.50 
Hotel Windermere 

West Hyde Park 3.00 4.50 
Gladstone Hotel 

62nd and Kenwood 2.50 3.00 1.50 2.00 


Arrangements are being made for reduced railroad rates on the certificate plan 
of a fare and one half for all members of the affiliated societies and their families. 
Be sure to obtain the identification certificate for each ticket at the time of pur- 
chase. 

ALBERT B. PECK 
Mineralogical Laboratory, Acting Secretary 
University of Michigan, 
Ann Arbor, Michigan. 


NOMINATIONS FOR OFFICERS OF THE MINERALOGICAL 
SOCIETY OF AMERICA FOR 1934 


The Council has nominated the following for officers of The Mineralogical So- 
ciety for the year 1934. 
For President: 
John E. Wolff, Pasadena, California. 
For Vice-President: 
W. A. Tarr, University of Missouri, Columbia, Missouri. 
For Treasurer: 
Waldemar T. Schaller, U. S. Geological Survey, Washington, D.C. 
For Secretary: 
Paul F. Kerr, Columbia University, New York City. 
For Editor: 
Walter F. Hunt, University of Michigan, Ann Arbor, Michigan. 
For Councillor, 1934-1937: 
Edward P. Henderson, U. S. National Museum, Washington, D.C. 
ALBERT B. PECK 
Acting Secretary 
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NEW MINERAL NAMES 


Girnarite 

K. K. Martuter AND A. G. JHINGRAN: A New Member of the Hastingsite Group 
of Amphiboles from Mount Girndr. Quart. Jour. Geol. Min. Metal. Soc. India, 3, 
No. 3, 93-101, 1931. 

Name: From the locality Mount Girndr, Kathiawar, India. 

CHEMICAL Properties: Analysis: SiO, 34.67, 34.71; AlO3 13.30, 13.21; FexO3 
10.06, 10.23; FeO 14.77, 14.57; MgO 6.21, 6.22; CaO 10.58, 10.60; NazO 5.78, 5.89; 
K.O 1.08, 1.05; MnO 0.27, 0.13; TiO2 2.88, 2.90; P20; 1.08, 1.08; ign. 0.03, 0.03; 
Sums 100.71, 100.62. 

CRYSTALLOGRAPHICAL PROPERTIES: Monoclinic. Cleavage good at 123°; fre- 
quently twinned parallel to (100). 

PHYSICAL AND OPTICAL PROPERTIES: Color brown, strongly pleochroic. X = deep 
brown, Y=straw yellow, Z=yellow. Biaxial, 2V=76°, a=1.680, B=1.694, y= 
1.704. Z/\c=9° in the obtuse angle. Sp. Gr. =3.42. 

OccuRRENCE: Found in nepheline syenite at Mount Girnar. 

Web. B, 


Minyulite 

E. S. Simpson AND C. R. LEMesurrer: Minyulite, a new phosphate mineral 
from Dandaragan, W. A. Jour. Roy. Soc. Western Australia, 19, 13-16, 1932-33. 

Name: From the locality Minyulo Well, near where the mineral was discovered. 

CHEMICAL PROPERTIES: A hydrous basic phosphate of potassium and aluminum, 
2K(OH, F)-2Al.03:2P20;:7H2O. Analysis: KxO 12.30, Na2O 0.45, Al,O3; 29.98, 
FeO; tr., CaO, MgO nil, P20; 35.58, F tr., H2O0 (— 200°) 17.84 (+ 200°) 2.79. Sum 
98.94. Readily soluble in warm dilute NaOH and in hot concentrated HCl and slowly 
soluble in warm dilute HNOs. Soluble in hot concentrated H2SO, slightly etching a 
glass surface in contact with it. 

On heating in a closed tube it decrepitates and yields much acid water which 
etches the glass, finally melting into an opaque white globule. 

CRYSTALLOGRAPHICAL PROPERTIES: Orthorhombic. 

PHYSICAL AND OPTICAL PROPERTIES: Color white, luster silky. Fragile. Hd.= 
3.5. Sp. Gr. 2.45. Biaxial. a= 1.531, 8=1.534, y=1.538. Extinction parallel, elonga- 
tion negative. 

OccURRENCE: Found in radiating groups filling minute veins or cavities in a 
highly phosphatic ironstone bed made up of limonite, quartz grains, dufrenite, 
nodular apatite and glauconite grains. 


